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PROTEIN NEEDS OF BARROWS AND GILTS 
75 TO 225 POUNDS 
R. c. Wahlstrom and G. W. Libal 
SWINE 
DAY 
Department of Animal and Range Sciences 
SWINE 82-1 
Although a considerable amount of research has been conducted on the 
protein requirement of growing-finishing barrows and gilts, there is still a 
discrepancy in the recommendations given. Most research has been conducted 
by feeding barrows and gilts together. Data have suggested gilts require 
more dietary protein than barrows. 
This experiment was part of a regional project of the North Central 
Swine Nutrition Committee. The objective of the study was to determine the 
difference in the protein requirement between barrows and gilts. 
Experimental Procedures 
Forty-eight barrows and 48 gilts averaging approximately 75 pounds 
were allotted into four replications of three treatments by sex. Thus, there 
were 12 pens containing four gilts and 12 pens with four barrows. Pigs had 
access to self-feeders in pens providing approximately 8 square feet per pig 
in a totally slotted floor confinement building. Pigs were removed from the 
experiment by pen at average pen weights of 225 pounds. At this time, pigs 
were slaughtered in the South Dakota State University Abattoir and the 
following carcass data were obtained: backfat thickness, carcass length, 
carcass weight and loin eye area. Percent lean was calculated using the 
National Pork Producers Council's formula. 
The three dietary protein levels used were 16, 14 and 12% protein. 
Dietary composition is shown in table 1. 
Table 1. Composition of Diets (%) 
Ingredients 
Ground yellow corn 
Soybean meal, 44% 
Dicalcium phosphate 
Ground limestone 
Trace mineralized salt 
Premix a 
16 
77 .4 
20.3 
1.1 
.75 
.25.25 
. 2 
Percent protein 
14 
83.0 
14.7 
1.1 
.75 
.25 
.2 
12 
88.7 
9.0 
1.1 
.75 
.25 
.2 
a Supplied per pound: vitamin A, 1500 IU; vitamin D, 150 IU; 
vitamin E, 2.5 IU; vitamin K, 1 mg; riboflavin, 1.25 mg; panto-
thenic acid, 5 mg; niacin, 8 mg; choline, 25 mg; vitamin B12 , 5 mcg; selenium, .04 mg and aureomycin, 25 milligrams. 
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Results 
The results of the experiment by treatment are presented in table 2 and 
the main effects of protein and sex are summarized in table 3. The different 
responses of barrows and gilts to the dietary treatments imposed are shown in 
table 2 as protein x sex interactions. The feed efficiency of barrows was 
poorer at each protein level from 16 to 14 to 12%. However, gilts fed the 
14% protein d1et were.more efficient than those fed 16% protein. For the 
overall growing-finishing period, gilts fed 16% protein were less efficient 
than those fed 12% dietary protein, even though those fed 16% protein gained 
considerably faster. The poor feed conversion of the gilts fed 16% protein 
diets is difficult to explain and was unexpected and may have been due to 
chance. 
A protein x sex interaction was also present in percent lean and loin eye 
area. Carcasses of barrows fed the various protein levels were not different 
in lean percent or loin eye area. However, carcasses of gilts were affected 
by dietary protein. This would indicate that gilts have a higher requirement 
for protein than barrows. Gilts fed 12% protein diets had less lean and 
smaller loin eye areas than carcasses from gilts fed 14 or 16% dietary protein. 
When the data for barrows and gilts were combined (table 3), there was a 
significant difference in rate of gain and feed/gain due to protein level 
during the first 4 weeks. These differences diminished as the experiment 
progressed with a significant difference in rate of gain only for the first 
8 weeks. There were no significant differences due to protein at 225 pounds, 
although differences in rate of gain approached significance at the 5% level. 
Differences existed in percent lean and loin eye area (P<.05) among dietary 
treatments. Carcasses from pigs fed diets of 16 or 14% protein were superior 
to those fed 12% protein. 
Barrows gained significantly faster than gilts at all periods and were 
more efficient to 4 weeks (P<.01) and 8 weeks (P<.05). Gilt carcasses had a 
greater percentage of carcass lean (P<.05), less average backfat (P<.05), less 
10th rib backfat (P<.01) and larger loin eye area (P<.01) than did carcasses 
of barrows. 
Summary 
Ninety-six crossbred pigs averaging about 73 pounds initial weight were 
allotted by sex (barrows or gilts) to dietary protein treatments of 16, 14 or 
12% and fed to a final weight of approximately 225 pounds. 
The 12% protein diet was not adequate for pigs from 73 to 225 pounds when 
compared to the 16 and 14% protein diets. Differences between the 16 and 14% 
protein diets were small, although barrows fed the 16% protein diet had 
numerically better gains and feed efficiency than those fed 14% dietary 
protein. These data will be combined with similar experiments from several 
other North Central Region Experiment Stations to further evaluate the dietary 
protein needs of growing-finishing barrows and gilts. 
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Table 2. Effect of Protein Level on Performance of Barrows and Gilts a 
Barrows Gilts 
Protein level, % 16 14 12 16 14 12 
Avg daily gain, lb 
First 4 wk 1. 97 1.83 1.56 1 .. 64 1.56 1.36 
First 8 wk 1.90 1. 77 1.60 1.51 1.51 1.29 
To 225 lb 1.84 1. 71 1.64 1.56 1. 51 1.34 
Feed/gain 
First 4 wkb 2.83 3.11 3.52 3.36 3.18 3.81 
First 8 w~ 3.20 3.52 3.76 4.02 3.59 4.16 
To 225 lb 3.59 3.76 3.97 4.24 3.68 3.95 
Carcass data 
Weight,blb 154.7 153.9 151. 0 150.1 150.7 153.3 
Lean, % 53.3 53.9 53.2 59.2 58.8 53.7 
Length, in. 31.3 31. l 31.2 31. 7 31.4 31.8 
Avg backfat, in. 1.19 1.14 1.28 1.02 1.07 1. 21 
Tenth rib fat, in. b 1.18 1.17 1.26 .86 .85 1.13 Loin eye area, sq. in. 4.71 5.06 4.85 6.07 5. 77 4.79 
a Four lots of four pigs each per treatment, initial wt approximately 
73 gounds. 
Protein x sex interaction, P<.05. 
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Table 3. Main Effects of Protein and Sex 
Performance of Growing-Finishing Swine 
Percent protein 
16 14 12 
No. of pigs 32 32 32 
Avg daily gain, lb 
First 4 wka~ 
First 8 w~a 
To 225 lb 
First 4 wk~b 
First 8 wk 
To 225 lb 
Weight, lb 
%ca: Lean, a 
Length, in. d 
Avg backfat, in. 
Tenth rib fat, in.b 
. . be Loin eye area, sq. in. 
a b Protein effect, P<.01. 
Sex effect, P<.01. 
c d Protein effect, P<.05. 
Sex effect, P<.05. 
1.80 1. 69 1.45 
1. 71 1.64 1.45 
1. 70 1. 61 1. 49 
Feed/gain 
3.09 3.14 3.66 
3.61 3.55 3.96 
3.87 3. 72 3. 96 
Carcass data 
152.4 152.3 152.1 
56.3 56.3 53.4 
31.5 31. 3 31. 5 
1.11 1.10 1. 24 
1.02 1.01 1.20 
5.39 5.42 4.82 
4 
on 
Sex 
Barrows Gilts 
48 48 
1. 79 1. 52 
1. 76 1.44 
1. 73 1.47 
3.15 3.45 
3.49 3.92 
3. 77 3.92 
153.2 151. 3 
53.5 57.2 
31. 2 31.6 
1.20 1.10 
1. 21 .95 
4.87 5.55 
EFFECT OF VARYING DIETARY SELENIUM LEVELS ON TISSUE 
COMPOSITION, BLOOD COMPOSITION AND PERFORMANCE OF 
GROWING SWINE FED SELENIFEROUS GRAINS 
T. B. Goehring, G. W. Libal, I. S. Palmer, 
0. E. Olson and R. C. Wahlstrom 
Department of Animal and Range Sciences 
SWINE 82-2 
It is established that selenium is an essential micronutrient as well as 
a natural toxicant for domestic livestock. However, reports of selenium 
toxicosis in swine are limited and not well documented. The level at which 
selenium becomes toxic to swine is thought to be about 8 ppm. This value was 
derived from the initial selenium research of the 1930's, with considerable 
extrapolation from other species used in this determination. 
Since that time, diet composition has become much more complex, nutrient 
level of diets has increased and feed additives are commonly used. It is not 
known what effect these factors or other nutritional interrelationships may 
have on the level at which selenium becomes toxic. Due to the variability of 
selenium content in feedstuffs and because selenium is now approved as a feed 
additive, it is important to better define the level at which selenium becomes 
toxic to swine. 
This research was conducted to determine the effect of varying dietary 
selenium levels on tissue and blood composition and performance of growing 
swine fed seleniferous grains. 
Experimental Procedure 
Twenty-four weaned crossbred pigs initially averaging 17.6 lb were 
individually fed in a 6-wk growth trial. Three barrows and three gilts were 
allotted to each of four dietary selenium levels. Dietary treatments I 
through IV were formulated to contain 0, 3, 6 or 9 parts per million (ppm) of 
selenium, respectively, as organic selenium. The 21% protein diets were 
composed of corn, wheat, oats and soybean meal. In diets II, III and IV, 
wheat and oats were replaced with seleniferous wheat and oats at levels to 
obtain the desired dietary selenium levels. Dietary composition is shown 
in table 1. 
Results 
The effect of selenium level on pig performance is shown in table 2. 
The level of dietary selenium had no effect on pig performance. Average 
daily gain and average daily feed intake numerically decreased with added 
selenium levels, but these differences were not significant. Feed conversion 
was not affected by dietary treatment. 
Selenium concentration in the liver, kidney, heart, spleen, diaphragm 
muscle and hair increased linearly with increasing level of dietary selenium 
(table 3). In a similar experiment, it was found that generally pigs with 
toxicosis had greater concentrations of selenium in liver than in kidney and 
those not developing toxicosis had greater concentrations of selenium in 
5 
- 2 -
Table 1. Percent Composition of Diets 
Diet I II III IV 
Selenium level 
Calculated (ppm) 0 3 6 9 
Actual analysis (ppm) .47 2.58 5.60 8.40 
Seleniferous wheat 12 24 35 
Control wheat 35 23 11 
Seleniferous oats 6 13 20 
Control oats 20 14 7 
Control corn 17 17 17 17 
Soybean meal 25 25 25 25 
Dicalcium phosphate 1.6 1. 6 1. 6 1.6 
Limestone .9 . 9 .9 .9 
Trace mineralized salt .3 . 3 .3 .3 
Vitamin antibiotic premix a .2 .2 .2 .2 
a Supplied per lb of diet: vitanin A, 1818 IU; vitamin D, 182 IU; 
vitamin E, 4 IU; vitamin K, 1.6 mg; riboflavin, 2 mg; pantothenic acid, 8 mg; 
niacin, 12.8 mg; choline, 80 mg; vitamin B12 , 8 mcg; sulfamethazine, 50 mg; 
selenium, 72 mcg; aureomycin, 50 mg, and penicillin, 25 milligrams. 
Table 2. Effect of Selenium Level on Pig Performancea,b 
Selenium level (EEm) 
0 3 6 
Avg daily gain 1. 32 1. 30 1. 30 
Avg daily feed 2.40 2.31 2.31 
Feed/gain 1. 79 1. 78 1. 77 
a All weights in pounds. 
b Six individually-fed pigs per treatment, average initial 
wt, 17. 6 lb. 
6 
9 
1.19 
2.16 
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Table 3. Effect of Selenium Level on Selenium 
Content of Organs and Tissue a 
Selenium level (ppm) 
0 3 6 
L" b 
.82 3.17 5.12 iver b 
Kidneb 1.72 3.44 5.12 
Heart b .43 1.85 2.88 
Spleenb .53 1.51 2.54 
Musc~e .32 1.63 2.78 
Hair b .80 4.07 8.53 
Liver (% body wt) 2.51 2.65 2.73 
a Parts per million selenium, wet basis. b Linear effect (P<.01). 
9 
6.79 
6.62 
4.10 
3.49 
3.72 
10.51 
2.94 
kidney than in liver, indicating our level of approximately 9 ppm may have 
been approaching the toxic level. It was noted that within a treatment black 
hair gave a higher selenium value than did white or red hair. Depending on 
hair color, the selenium level ranged from 2.59 ppm (white) to 16.48 ppm 
(black) when feeding diet III and 4.04 ppm (red) to 17.80 ppm (black) when 
feeding diet IV. 
Other researchers have found that the liver becomes necrotic and degener-
ates due to selenium poisoning. In this experiment rather than degenerating 
as expected, the liver/body weight ratio was increased with increasing 
selenium level (table 3). This enlargement may be an indication of the 
attempt by the animal to adapt to a foreign compound. 
The effect of selenium level on blood composition is shown in table 4. 
The selenium levels of the blood increased linearly with increasing selenium 
level. Other researchers have found that animals may become anemic due to 
selenium toxicosis. The Packed Cell Volume (PCV) and hemoglobin levels of the 
blood may be used as an indication of anemia. In our experiment, high levels 
of dietary selenium did not produce an anemic condition as indicated by the 
PCV and hemoglobin level, which did not differ among treatments. An increase 
in serum bilirubin, the major end product of hemoglobin decomposition, may be 
used as an indication of liver damage. The low levels of bilirubin present 
suggest no liver damage in these animals. 
The effect of selenium level on blood enzyme activity is shown in 
table 5. Certain enzymes are indicative of either the selenium status of the 
body or of tissue damage. Because selenium is an essential component of the 
enzyme glutathione peroxidase (GSH-PX), the level of this enzyme might be 
expected to increase with increasing selenium level. However, there was no 
effect on cellular or serum glutathione peroxidase in this experiment. An 
increase in serum glutamic oxalacetic transaminase (SCOT) and serum glutamic 
pyruvic transaminase (SGPT) is used as an indication of liver damage. 
However, the SGOT and SGPT levels were not different, indicating no liver 
damage at any of the selenium levels fed in this experiment. 
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Table 4. Effect of Selenium Level on Blood Composition 
Selenium, ppma 
Packed Cell Volume 
Hemoglobin, g/100 ml 
Serum bilirubin, mg/100 ml 
a Linear effect (P<.01). 
0 
.24 
42.0 
13 .2 
.22 
Selenium level (ppm) 
3 6 
.88 1. 79 
43.0 42.0 
13.5 13.3 
.21 .22 
Table 5. Effect of Selenium Level on Blood Enzyme Activity a 
Selenium level (ppm) 
0 3 6 9 
GSH-Px cells 
EU/mg protein 27.1 30.7 24.7 27.4 
EU/mg hemoglobin 41.5 48.6 36.6 40.6 
GSH-Px serum, 
EU/mg protein 7.4 10.6 9.5 10. 7 
SGOT, S-F units/ml 44.7 52.8 46.3 60.5 
SGPT, S-F units/ml 20.4 24.9 25.2 24.2 
a Glutathione peroxidase (GSH-Px), serum glutamic oxalacetic 
transaminase (SGOT) and serum glutamic pyruvic transaminase 
(SGPT). 
Summary 
9 
2.42 
42.0 
13 .3 
.33 
A 6-week growth trial was conducted to determine the effect of varying 
selenium levels on tissue and blood composition and performance of growing 
swine fed seleniferous grains. 
Selenium levels of .47, 2.58, 5.6 or 8.4 ppm had no effect on pig 
performance as measured by average daily gain, average daily feed or feed/gain. 
Blood composition and enzyme activity were not affected by dietary treatment. 
The selenium concentrations of the blood, hair, liver, kidney, heart, spleen 
and diaphragm muscle w~re linearly increased by dietary treatment. In addition, 
the liver/body weight ratio was linearly increased by dietary treatment. No 
signs of selenium toxicity were noted. Thus, the toxic level of selenium in 
diets containing seleniferous ingredients appears to be greater than 8.4 ppm. 
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EFFECT OF SODIUM SELENITE LEVELS ON TISSUE AND 
BLOOD COMPOSITION AND PERFORMANCE 
OF GROWING-FINISHING SWINE 
T. B. Goehring, G. W. Libal, I. S. Palmer, 
0. E. Olson and R. C. Wahlstrom 
Department of Animal and Range Sciences 
SWINE 82-3 
A second trial was conducted to further study the problem of selenium 
toxicity. In this experiment, sodium selenite was utilized as the selenium 
source. The FDA has approved sodium selenite and sodium selenate supplementa-
tion of pig starter diets up to a level of .3 parts per million (ppm) of 
selenium. The study reported herein was conducted to determine the effect of 
sodium selenite levels on tissue and blood composition and performance of 
growing-finishing swine. 
Experimental Procedure 
This study was designed in a manner similar to that of the preceding 
experiment. In addition, the same blood, enzyme and performance parameters 
were measured in this study as in the preceding experiment reported in SWINE 
82-2. Twenty-four weaned crossbred pigs initially averaging 18.4 lb were 
individually fed in a 17-week growing-finishing trial. Six barrows were 
allotted to each of four dietary selenium levels. The 21% protein diets were 
composed of corn, wheat, oats and soybean meal. Sodium selenite was added at 
levels to obtain the desired dietary selenium levels of 0, 3, 6 and 9 ppm in 
diets I, II, III and IV, respectively. Dietary composition is shown in 
table 1. 
Table 1. Percent Composition of Diets 
Diet I II III IV 
Selenium level 
Calculated (ppm) 0 3 6 9 
Actual analysis (ppm) .47 2. 71 5.55 9.00 
Wheat 35 35 35 35 
Oats 20 20 20 20 
Corn 17 17 17 17 
Soybean meal 25 24.95 24.89 24.83 
Dicalcium phosphate 1. 6 1. 6 1. 6 1.6 
Limestone . 9 . 9 . 9 .9 
Trace mineralized salt . 3 . 3 . 3 .3 
Vitamin-antibiotic pre~ix a .2 . 2 . 2 .2 
Sodium selenite premix o.o .055 .11 .17 
a Supplied per lb of diet: vitamin A, 1818 IU; vitamin D, 182 IU; 
vitamin E, 4 IU; vitamin K, 1.6 mg; riboflavin, 2 mg; pantothenic acid, 
8 mg; niacin, 12.8 mg; choline, 80 mg; vitamin B12 , 8 mcg; selenium, 72 mcg; 
aurEomycin, 120 mg; and Banminth (pyrantel tartrate), 47.7 milligrams. 
2.27 g selenium as sodium selenite per lb premix. 
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Results 
The effect of sodium selenite level on pig performance is shown in 
table 2. The level of sodium selenite had no effect on pig performance as 
measured by average daily gain, average daily feed intake or feed conversion. 
Table 2. Effect of Selenium Level on Pig Performancea,b 
Selenium level (ppm) 
0 3 6 9 
Avg daily gain 1. 63 1. 72 1.63 1. 70 
Avg daily feed 4.59 5.09 4.74 5.00 
Feed/gain 2.81 2.97 2.90 2.95 
weights in pounds. a All 
b s· lX individually-fed pigs per treatment, initial weight 
18.5 lb. 
Selenium concentrations in the liver, kidney, heart, spleen, diaphragm 
muscle and hair were significantly affected by dietary treatment (table 3). 
In general, the selenium concentration was linearly increased in these organs 
and tissues as selenium in the diet increased. Levels of selenium in the 
organs and tissues of pigs fed the control diet for 17 weeks were similar to 
the levels found in pigs in the previous experiment, although those pigs 
received the diet for only 6 weeks. However, the content of selenium found 
in pigs fed diets supplemented with sodium selenite in this experiment were 
considerably less than that found in pigs fed similar levels of selenium but 
derived from seleniferous grains in the previous experiment. Although we had 
previously found that the selenium level of the hair was related to hair 
color, the pigs utilized in this study were essentially all white, making it 
impossible to evaluate the influence of hair color. The liver/body weight 
ratio was significantly affected by dietary treatment, increasing at the 
higher selenium concentrations. 
The effect of sodium selenite level on blood composition is shown in 
table 4. The selenium levels of the blood increased linearly with increasing 
sodium selenite level. As in the preceding experiment, high levels of sodium 
selenite did not produce an anemic condition as indicated by the Packed Cell 
Volume (PCV) and hemoglobin level, which did not differ among treatments. In 
this experiment, the serum bilirubin levels were too low to accurately 
measure, again suggesting no liver damage in these animals. 
The effect of selenium level on blood enzyme activity is shown in 
table 5. Certain enzymes are indicative of either the selenium status of the 
body or of tissue damage. Because selenium is an essential component of the 
enzyme glutathione peroxidase, the level of this enzyme might be expected to 
increase with increasing sodium selenite level. In this study, the lowest 
level of sodium selenite supplementation produced the maximum increase in 
cellular glutathione peroxidase and serum glutathione peroxidase. The highest 
level of sodium selenite tended to decrease this maximum value slightly. An 
increase in serum glutamic oxalacetic transaminase (SGOT) and serum glutamic 
10 
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Table 3. Effect of Selenium Level on Selenium Content 
of Organs and Tissuea 
Selenium level (ppm) 
0 3 6 
. be 
.64 2.S6 3.23 Liver b 
Kidner; 1. 6S 2.lS 2.43 
Heart bd .42 .49 .62 
Spleenb .38 .61 .SS 
Muscle .31 .37 .40 
Hair e .98 2.81 4.26 f Liver (% body wt) 1. 60 l.S4 l.8S 
a b Parts per million selenium, wet basis. 
Linear effect (P<.01). 
c d Quadratic effect (P<.01). 
Cubic effect (P<.01). 
~Linear effect (P<.OS). 
Cubic effect (P<.OS). 
Table 4. Effect of Selenium Level on Blood Composition 
a Blood selenium, ppm 
Packed Cell Volume, % 
Hemoglobin, g/100 ml 
a Linear effect (P<.01). 
0 
.31 
42.0 
12.7 
11 
Selenium level (EEm) 
3 6 
.94 2.13 
42.0 41. 0 
12.6 12.6 
9 
3.63 
2.98 
.69 
.94 
.47 
4.24 
1. 71 
9 
3.84 
39.0 
12.6 
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Table 5. Effect of Selenium Level on Blood Enzyme Activitya 
Selenium level (ppm) 
0 3 6 9 
GSH-Px cells b EU/mg protein 25.4 35.8 37.4 31.0 
EU/mg hemoglo'bin c 37.8 53.6 57.6 45.7 
GSH-Px serum, bd EU/mg protein 6.3 7.9 7.9 7.5 
SGOT, S-F units/ml 42.0 45.0 49.0 40.0 
SGPT, S-F units/ml 30.0 34.0 38.0 37.0 
a Glutathione peroxidase (GSH-Px), serum glutamic oxalacetic 
transaminase (SGOT) and serum glutamic pyruvic transaminase 
(SGbT). 
Quadratic effect (P<.05). 
~Quadratic effect (P<.01). 
Linear effect (P<.05). 
pyruvic transaminase (SGPT) is used as an indication of liver damage. 
However, the SGOT and SGPT levels were not different, indicating no liver 
damage at any of the sodium selenite levels fed in this experiment. 
Summary 
A 17-week growing-finishing trial was conducted to determine the effect 
of sodium selenite levels on tissue and blood composition and performance of 
growing-finishing swine. Selenium levels of approximately 0, 3, 6 and 9 ppm 
had no effect on pig performance as measured by average daily gain, average 
daily feed or feed/gain. The selenium concentrations of the blood, hair, 
liver, kidney, heart, spleen and muscle were significantly increased by dietary 
treatment. Blood glutathione peroxidase activity was significantly increased 
by dietary treatment. Other blood parameters were not affected by dietary 
treatment. No signs of selenium toxicity were produced. 
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EFFECTS OF VARIOUS LEVELS OF SUNFLOWER SEEDS 
ON GROWING-FINISHING SWINE 
A. D. Hartman, R. C. Wahlstrom and G. W. Libal 
Department of Animal and Range Sciences 
SWINE 82-4 
Sunflowers are becoming a very important crop in South Dakota. Currently, 
most seeds are used to produce conf ectionary seeds or sunflower oil and sun-
flower meal. For various reasons, some sunflower seeds may not be suitable 
for these purposes. Feeding these seeds to livestock is one possible way to 
utilize them. Although at the present time sunflower seeds are not considered 
an economically feasible feed ingredient, prices may change, making them a 
more practical substitute for the common feed grains. For these reasons, 
this study has been conducted to determine growth and carcass characteristics 
of swine fed diets containing various levels of sunflower seeds. 
Experimental Procedure 
A total of 96 pigs with an average initial weight of 56 pounds were 
allotted to six replications of four treatments. There were four pigs per pen 
for a total of 24 pigs per treatment. The pigs were housed in the environ-
mentally controlled confinement barn at the swine unit until they reached an 
average pen weight of 220 pounds. 
The trial was split into two periods (56-130 lb and 130-220 lb) so that 
the diets could reflect the lower protein requirement of heavier pigs. The 
four dietary treatments contained 0, 5, 10 and 20% sunflower seeds (table 1). 
The sunflower seeds replaced corn and soybean meal at levels calculated to be 
equal in lysine content. The chemical analyses of all diets are shown in 
table 2. 
Table 1. Ingredient Composition of Diets (%) 
To 130 lb 130-220 lb 
Sunflower seeds, % 
Ingredients 0 5 10 20 0 5 10 20 
Ground corn 76.6 71. 9 67.1 57.6 82.5 77 .8 73.0 63.6 
Ground sunflower seeds 0 5.0 10.0 20.0 0 5.0 10.0 20.0 
Soybean meal 20.7 20.5 20.3 19.9 15.0 14.8 14.6 14.2 
Dicalium phosphate 1. 2 1.1 1.0 .9 1.0 .9 . 9 . 7 
Limestone .8 .8 . 9 . 9 .8 .8 .8 .8 
Trace mineralized salt .3 .3 . 3 .3 .3 .3 .3 .3 
Premix a . 4 .4 .4 .4 .4 .4 .4 .4 
a Supplied per pound of diet: vitamin A, 1500 IU; vitamin D, 150 IU; 
vitamin E, 3 IU; vitamin K, 1.2 mg; riboflavin, 1.5 mg; pantothenic acid, 6.0 
mg; niacin, 9.6 mg; choline, 30 mg; vitamin B12 , 6 mcg; selenium, 54 mcg, and 
aureomycin, 12.5 milligrams. 
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Table 2. Nutrient Composition of Diets (%)a 
To 130 lb 130-220 lb 
Sunflower seeds, "! lo 
Source 0 5 10 20 0 5 10 20 
Moisture 7.87 7.58 7.16 6.49 12.20 12.20 11.60 10.80 
Crude protein 18.0 18.4 18.9 19.4 15.2 15.5 15.9 16.7 
Crude fiber 2".58 3.67 4.30 5.17 2.76 3.87 4.32 5.19 
Ether extract 3.58 4.97 6.85 10.30 3.57 5.27 6.66 10.30 
Ash 4.52 4.59 4.66 4.49 3.70 4.01 3. 96 4.26 
Nitrogen-free extract 63.5 60.8 58.1 54.2 62.6 59.2 57.6 52.8 
Lysine .90 .93 .96 .94 • 72 .68 .73 .76 
a Average of three samples of all diets. 
After reaching the prescribed slaughter weight, the barrows were 
slaughtered in the animal science me1t laboratory. A fat sample was taken 
from the midline between the second and fifth lumbar vertebrae and later used 
for determination of iodine number and individual fatty acid composition. 
Following a 24-hour chill period, carcass measurements were taken to deter-
mine any differences in carcass length, average backfat, percent lean, loin 
eye area, marbling and color. Three pork chops were saved from each carcass 
and used to determine chemical composition, tenderness and taste panel 
desirability. 
Results 
Performance data are sunnnarized in table 3. During the 56 to 130 lb 
period, increases in sunflower seeds in the diet resulted in a cubic response 
of average daily gains. Pigs fed the 5% sunflower seed diet had a higher 
average daily gain than those on the three other treatments and daily gains 
decreased as the level of sunflowers was increased to 10 and 20%. For the 
130 to 220 lb period and the combined period, linear decreases in average 
daily gain occurred as the amount of sunflower seeds in the diet increased 
above 5%. 
There were no differences among treatments in feed/gain or average daily 
feed. However, treatme~t dif{erences in average daily feed for the entire 
trial did approach significance (P<.06). The data indicate a trend toward 
decreased feed intake at high levels (10 and 20%) of sunflower seeds. This 
might be expected since those diets contained higher levels of fat. 
Differences in carcass traits are shown in table 4. Differences in loin 
eye marbling approached significance (P<.07). There was a trend toward 
decreased marbling as the percentage of sunflower seeds in the diet increased. 
There were many treatment effects on carcass fat as shown in table 5. 
Iodine number, which indicates the relative degree of unsaturation of fat, 
increased in a linear manner with the addition of sunflower seeds to the diet. 
Individual fatty acids also changed with treatment to reflect diet changes. 
Increases in dietary sunflower seed content resulted in increases in the 
percentage of unsaturated fats and decreases in saturated fats. This is a 
reflection of the different individual fatty acids contained in sunflower 
seeds versus those found in corn. 
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Table 3. Performance Characteristics 
0 
Average dailX gain, lb 
56-130 lb 1. 72 
130-220blbb 1. 72 
Overall 1. 73 
Feed/gain 
56-130 lb 2.90 
130-220 lb 3.20 
Overall 3.06 
Average daily feed, lb 
56-130 lb 4.99 
130-220 lb 5.57 
Overallc 5.31 
a Cubic response (P<. 05). b Linear response (P<.01). 
c Cubic response (P<. 06). 
Table 4. Carcass 
Carcass wt, lb 
Carcass lengtha in. 
Loin eye color b 
Loin eye firmnessb 
Loin eye marbling c 
Tenth rib fat, in. 
Average backfat, in. 
Loin eye area, sq. in. 
Percent lean (formula) 
0 
155.3 
31. 5 
2.75 
2.58 
2.83 
.90 
1.04 
4.75 
55.54 
Sunflower seeds, 
5 10 
1.89 1. 74 
1. 72 1. 57 
1.80 1.63 
2.66 2.58 
3.28 3.19 
3.00 2.93 
4.91 4.53 
5.66 5 .11 
5.32 4.86 
Characteristics 
Sunflower seeds, 
5 10 
157.8 157.1 
31. 7 31.5 
2.83 2.67 
2.75 2.42 
2.66 2.42 
.98 .85 
1.11 1.06 
4.60 4.83 
54.50 55.60 
% 
% 
a b Range of 1 to 5, with 1 being the lightest and 5 the darkest. 
Range of 1 to 5, with 1 being the least and 5 th~ most. 
c Linear response (P<.07). 
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20 
1.64 
1. 52 
1. 57 
2.73 
3.43 
3.08 
4.67 
5 .11 
4.93 
20 
161. 6 
31.6 
2.50 
2.33 
2 .17 
.83 
1.15 
4.75 
55.03 
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Table 5. Analytical Carcass Characteristics 
Iodine numbera 
Individual fatty acid composition, % 
Myristic (14:0)a 
Palmitic (16:0)a 
Palmitoleic (16:1)a 
Stearic (18:0)a 
Oleic (18: 1) a 
Linoleic (18:2)a 
Sum of 14:0, 16:0 and 18:0a 
Sum of 16:1, 18:1 and 18:2a 
Taste panEl results 
Flavor 
Juicinesscd 
Tenderness b 
Overall desirability 
Chemical analysis of meat, % 
Moisture 
Protein 
Fat (wet matter basis) 
Fat (dry matter basis) 
Sh lb e ear test, 
0 
56.91 
1.54 
26.01 
2.26 
11.89 
42.75 
15.53 
39.44 
61. 36 
5.66 
5.07 
5.35 
5.40 
73.64 
22.30 
2.96 
11.20 
23.15 
Sunflower seeds, % 
5 10 
62.36 
1.51 
24 .17 
1.94 
11. 03 
39.23 
22.11 
36.70 
63.30 
5.74 
5.43 
5.41 
5.57 
73.36 
22.38 
3.38 
12.60 
24.52 
66.28 
1.33 
21.83 
2.00 
9. 96 
37.29 
27.57 
33.13 
67.12 
5.73 
5.18 
5.41 
5.44 
73.76 
22.06 
2.96 
11.18 
24.53 
20 
71. 55 
1.35 
19.39 
1. 63 
9.43 
34.92 
33.28 
30.17 
69.87 
5.58 
5.08 
5.21 
5.37 
72. 90 
21. 95 
4 .10 
14.89 
24.26 
~Linear response (P<.01). 
Based on a 1 to 8 scale, 1 extremely undesirable and 8 = extremely 
desirable. 
c Based 1 8 scale, 1 extremely dry and 8 extremely juicy. d on a to Based on a 1 to 8 scale, 1 extremely tough and 8 = extremely tender. 
e Pounds of force shear 1-in. to cores. 
With an increase in the amount of unsaturated fat in a meat product, 
oxidation of the fat and the subsequent rancid taste could become a concern. 
There were, however, no differences found by the taste panel in any of the 
parameters measured. Likewise, there were no differences found in tenderness 
as measured by shear test or in any of the chemical analyses conducted on the 
meat samples. 
Summary 
Ninety-six pigs averaging 56 lb were used to study the effects of feeding 
various levels (0, 5, 10 or 20%) of sunflower seeds in a diet during their 
growing-finishing period. 
The diets did produce differences in average daily gain but not in 
feed/gain or average daily feed. The higher oil content in the feeds with 
sunflower seeds produced many differences in fatty acid composition of backfat 
with a general increase in unsaturated fatty acids. This did not adversely 
affect the eating quality of the pork. 
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TRACE MINERAL SUPPLEMENTATION OF DIETS 
FOR GROWING-FINISHING SWINE 
R. C. Wahlstrom and G. W. Libal 
Department of Animal and Hange Sciences 
SWINE 82-5 
Until the past few years, most diets for growing-finishing swine 
contained .5% salt. However, recent research has confirmed that a level of 
.2 to .25% added salt will meet the dietary sodium and chlorine requirements 
of the growing-finishing pig fed a grain-soybean meal diet. Some producers 
rely on trace mineral salt to supply the needed trace minerals to the diet. 
A reduction in the amount of trace mineral salt added to the diet from .5 to 
.25% results in only half as much of each of the trace minerals supplemented 
to the diet. 
The study reported herein was designed to evaluate the performance of 
growing-finishing pigs fed salt containing different amounts of trace minerals 
at a level of .25% of the diet. 
Experimental Procedure 
Sixty-four crossbred pigs averaging about 54 pounds were allotted to 
four treatments replicated four times. Each pen contained one barrow and 
three gilts. The pigs were housed in a slotted floor, totally enclosed 
confinement building. The pigs were fed ad libitum a 16% protein corn-soybean 
meal fortified diet to average pen weights of approximately 120 to 130 pounds 
and a 14% protein diet from that weight to termination of the experiment at 
average weights of about 210 pounds. All pigs received .25% salt in their 
diets. The salt-trace mineral treatments were as follows: 
Treatment 1 - white salt, no trace minerals 
Treatment 2 - low zinc trace mineral salt 
Treatment 3 white salt plus trace mineral premix 
Treatment 4 - high zinc trace mineral salt 
The levels of supplemental trace minerals in the diets are shown in 
table 1. 
Results 
Average daily gain, average daily feed and feed/gain data for the 
growing, finishing and combined periods are summarized in table 2. Average 
daily gain and weight at the end of the growing period were both significantly 
greater for pigs fed the trace mineral premix or high zinc trace mineralized 
salt (treatments 3 and 4) than for treatments 1 and 2 during the 45-day 
growing period. Average daily feed and feed/gain were not different among 
treatments during this period. 
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Table 1. Levels of Supplemental Trace Minerals 
in Diets (Parts Per Million) 
Treatment number 
Ingredient la 2b 3c 4d 
Zinc 1 .125 100 25 
Manganese 0 6.25 25 25 
Iron 0 5.0 75 20 
Sulfur 0 2.5 0 5.5 
Copper 0 .825 7.5 
Iodine 0 .175 .175 
Cobalt 0 .0625 0 
Selenium 0 0 . 1 
a Five lb white salt b per ton. Five lb low zinc salt per ton. 
c Five lb white salt and 1 lb mineral premix d trace per Five lb high zinc salt per ton. 
Table 2. Effect of Trace Mineral Supplementation 
on Swine Performancea 
Items 
Initial wt, lb 
Mid-wt, lb 
Final wt, lb 
Avg daily gain, lb 
Avg daily feed, lb 
Feed/gain 
Avg daily gain, lb 
Avg daily feed, lb 
Feed/gain 
White salt 
53.7b 
123.0 
207.8 
Low zinc 
trace salt 
53.8b 
120.2 
206.5 
Growing 
1.54b 
Period 
1.47b 
4.12 
2.81 
4.32 
2.83 
Finishing Period 
1. 60 
6.2\ 
3.95 
1.44 
5.62b 
3.90 
Trace mineral 
premix 
white salt 
53.8 
131. 4 c 
212.4 
l.72c 
4.47 
2.60 
1. 61 
5.30 
3.30c 
Growing-Finishing Period 
Avg daily gain, lb 
Avg daily feed, lb 
Feed/gain 
a 
1. 57 
5.37b 
3.44 
1.45 
4.9\ 
3.42 
l. 66 
4.89 
2.95c 
b Four lots of four pigs each per treatment. 
,c Means with unlike superscripts are different (P<.05). 
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0 
.5 
.0625 
ton. 
High zinc 
trace salt 
53.8 
128.2c 
211. 9 
1.65c 
4.51 
2.75 
1.52 
5.46b 
3.60 c 
1.58 
5.03b 
3 .19 c 
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There were no significant differences in average daily gains during the 
finishing or combined growing-finishing periods, although pigs fed the low 
zinc trace mineralized salt had the slowest gains throughout the experiment. 
Feed/gain was less (P<.05) for pigs fed the trace mineral premix (treatment 3) 
than for pigs in treatments 1 and 2 during both the finishing and combined 
growing-finishing periods. 
The levels of trace minerals in the low zinc trace mineralized salt 
provided relatively low levels of supplemental trace minerals to the diet and 
were of no benefit to the pigs as indicated by the similar performance of 
pigs in treatment 1 fed white salt without trace minerals and treatment 2 fed 
the low zinc salt. The trace minerals zinc, manganese, iron and copper were 
considerably higher in diets of treatments 3 and 4. It is not possible to 
identify if one trace mineral was more responsible than another for the 
improved performance of pigs fed these two diets. However, according to 
the National Research Council recommendations for trace minerals, zinc is 
the mineral element that is most deficient in diets 1 and 2. Our recommendation 
is that a minimum of 50 parts per million (ppm) of supplemental zinc be 
included in diets of growing-finishing pigs. 
Summary 
Sixty-four weanling pigs averaging 54 lb were used to study the effect 
of trace mineral supplementation of a corn-soybean meal fortified diet. 
Diets contained 16% protein to 120-130 lb and 14% protein from 120-130 to 
210 pounds. All diets contained .25% salt. 
Pigs fed 1 lb of a trace mineral premix per ton that supplied 100 ppm 
of zinc, 25 ppm manganese, 75 ppm iron, 7.5 ppm copper, .175 ppm iodine and 
.1 ppm selenium gained faster during the growing period and required less 
feed/gain in the finishing and combined periods than pigs fed no supplemental 
trace minerals or a low zinc trace mineralized salt. There was no significant 
difference in performance of pigs fed a high zinc trace salt that supplied 
25 ppm of zinc to the diet and those pigs fed the trace mineral premix. 
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DAY 
SUPPLEMENTAL POTASSIUM IN SWINE DIETS VARYING 
IN LYSINE CONTENT 
Richard C. Wahlstrom and George W. Libal 
Department of Animal and Range Sciences 
SWINE 82-6 
Practical type swine diets contain levels of potassium in excess of 
National Research Council recommendations for this nutrient. However, it has 
been shown that potassium salts of metabolizable organic acids improved gain 
and efficiency of pigs fed low lysine diets. Previous work at this station 
indicated that .4 or .8% of supplementary potassium, from potassium chloride, 
did not affect performance of young pigs fed a diet containing .85% lysine. 
These pigs did respond to lysine supplementation, indicating that the .85% 
lysine level was not sufficient for maximum performance. The supplemental 
potassium appeared to decrease lysine concentration in the blood plasma and 
additions of lysine decreased (P<.05) plasma potassium. 
The objectives of this study were to determine if supplemental potassium, 
from potassium acetate, would improve performance of pigs fed a diet slightly 
deficient in lysine and also to compare the performance of pigs receiving 
potassium from potassium acetate or potassium chloride. 
Experimental Procedure 
Crossbred weanling pigs, averaging 19.6 lb in trial 1 and 17.7 lb in 
trial 2, were used in this experiment. In trial 1, 64 pigs were allotted to 
four replicates of four treatments and the trial was conducted for 26 days. 
Seventy-two pigs were allotted to six treatments replicated three times in 
trial 2. This trial was conducted for 35 days. The four treatments in 
trial 1 were in a 2 x 2 factorial arrangement, with two levels of lysine (.85 
and 1.15%) and two levels of added potassium (O and .4%) derived from 
potassium acetate. The six treatments in trial 2 included the same four 
treatments of trial 1 plus two treatments that received .4% potassium, derived 
from potassium chloride, in diets containing .85 or 1.15% lysine. The 
composition of the diets is shown in table 1. 
Results 
The performance of pigs in trial 1 is summarized in table 2. The 
addition of potassium acetate to the low lysine diet had no effect on average 
daily gain or feed efficiency. However, pigs fed the high lysine diet gained 
faster when potassium was supplemented to the diet. This resulted in a 
significant lysine x potassium interaction. The gains of pigs fed the high 
lysine diet without potassium were lower than expected and were no better 
than that of pigs fed the low lysine diets. This appeared to be due to the 
poor performance of three pigs fed this diet. Therefore, we would suggest 
the improvement in gains of pigs fed the high lysine, potassium supplemented 
diet was probably due to lysine and not to potassium supplementation. Feed 
efficiency was improved (P<.05) when diets contained 1.15% lysine. 
Potassium supplementation did not affect feed/gain at either lysine level. 
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Table 1. Composition of Diets (%) 
Dietary lysine, % .8S .8S .8~ 1. lS 1. lS 1.1~ 
Added potassium, % 0 .4a .4 0 .4a .4 
Ground corn 43.0 42.0 42.2 42.6 41. 6 41.8 
Oat groats 43.0 43.0 43.0 43.0 43.0 43.0 
Meat meal 7.0 7.0 7.0 7.0 7.0 7.0 
Fish meal 3.4 3.4 3.4 3.4 3.4 3.4 
Soybean meal 3.0 3.0 3.0 3.0 3.0 3.0 
White salt .2S .2S .2S .2S .2S .2S 
Trace mineral premix c .OS .OS .OS .OS .OS .OS 
Vitamin-antibiotic mix d .3 .3 .3 .3 .3 . 3 
L-lysine hydrochloride .4 .4 .4 
Potassium acetate 1. 0 1.0 
Potassium chloride .8 .8 
a b From potassium acetate. 
From potassium chloride. 
c Provided the following ppm of elemental levels to the complete diet: 
zinc, 100; iron, 7S; copper, 7.S; manganese, 2S; iodine, .17S; and 
selanium, .1. 
Provided per pound of diet: vitamin A, 2000 IU; vitamin D, 200 IU; 
vitamin E, 6.7 IU; vitamin K, 1.3 mg; riboflavin, 2 mg; pantothenic acid, 
8 mg; niacin, 10.7 mg; choline, 96 mg; vitamin B12 , 8 mcg; penicillin, 2S mg; aureomycin, SO mg; and sulfamethazine, SO milligrams. 
Table 2. Effect of Lysine and Potassium Acetate on 
Pig Performance (Trial 1) 
Lysine, % .8S .8S 1. lS 
Added potassium, % 0 .4 0 
Initial wt, lb. 19.6 19.6 19.6 
Final wt, lba 38.3 38.3 37.3 
Avg daily gain, lba • 72 . 72 . 70 
Avg dailybfeed, lbb 1.4S 1.48 1. 30 
Feed/gain 2.02 2.06 1.88 
a Lysine x potassium interaction, P<.OS. b Lysine effect, P<. 01. 
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The results of the second trial are presented by treatment groups in 
table 3 and summarized by lysine and potassium level and source in table 4. 
Increasing the lysine content of the diets from .85 to 1.15% resulted in a 
significant improvement in rate of gain and feed/gain. Pigs fed low lysine 
diets supplemented with potassium acetate gained 13% faster (.84 vs .74 
lb/day) than pigs fed this diet without supplemental potassium. This 
difference approached significance. Potassium supplementation was without 
effect when pigs were·fed the high lysine diet. When the data for potassium 
supplementation were combined across lysine levels, there was a small but 
significant increase in feed/gain due to potassium supplementation. 
Table 3. Effect of Lysine 
Lysine, % .85 
Added potassium, % 0 
Initial wt, lb 17.7 
Final wt, lbc 
lbd 
43.7 
Avg daily gain, .74 
Avg daily feed, lb 1.48 
Feed/gaince 2.00 
a From potassium b acetate. From potassium chloride. 
c Lysine effect, P<. 01. d Lysine effect, P< .05. 
e Potassium effect, P<.05. 
Table 4. 
Initial wt, lb 
Final wt, lba 
Avg daily gain, lbb 
Avg daily feed, lb 
Feed/gainac 
Summary of 
on Pig 
Lysine 
.85 
17.7 
45.3 
.79 
1. 66 
2.12 
a b Lysine effect, P<.01. 
Lysine effect, P<.05. 
c Potassium effect, P<.05. 
and Potassium on Pig Performance (Trial 2) 
.85 .8~ 1.15 1.15 1.1~ 
.4a 
.4 0 .4a .4 
17.7 17.7 17.7 17.7 17.8 
47.1 45.0 52.3 49.5 49.3 
.84 .78 .96 .91 .90 
1. 75 1. 75 1. 76 1. 70 1.62 
2.09 2.26 1. 78 1.88 1. 79 
the Effects of Lysine and Potassium 
Performance (Trial 2) 
level, % Potassium source 
1.15 None Acetate Chloride 
17.7 17.7 17.7 17.7 
50.4 48.0 48.3 47.2 
.93 .85 .88 .84 
1. 69 1. 62 1. 73 1.69 
1.82 1. 89 1. 99 2.03 
Summary 
One hundred thirty-six crossbred weanling pigs were used in two trials to 
study the effect of .4% supplemental potassium on performance of pigs fed 
diets containing .85 or 1.15% lysine. Potassium acetate (trials 1 and 2) and 
potassium chloride (trial 2) were the potassium sources used in these 26- and 
35-day trials. 
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Pigs fed diets containing 1.15% lysine gained significantly faster and 
required less feed/gain (P<.01) than pigs fed diets containing .85% lysine. 
In trial 2, potassium supplementation from potassium acetate or potassium 
chloride decreased feed efficiency. However, pigs fed potassium acetate 
as the potassium source in low lysine diets gained somewhat faster than 
unsupplemented pigs in trial 2 but not in trial 1. Thus, the results of this 
experiment were inconclusive as to the value of potassium acetate in improving 
diets low in lysine. 
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SUNFLOWER MEAL IN DIETS OF GROWING-FINISHING PIGS 
George W. Libal, Richard C. Wahlstrom 
and Roland Hanson 
Department of Animal and Range Sciences 
SWINE 82-7 
Sunflower meal, a by-product of the sunflower oil industry, has become 
increasingly available as a livestock supplement in recent years. Although 
lower in protein and lysine than soybean meal, an ecomomic advantage for 
sunflower meal may exist on a cost per unit of lysine or protein basis. 
Using synthetic lysine and sunflower meal as feed ingredients, diets can be 
formulated which are equal in protein and lysine to corn-soybean meal diets. 
The study reported herein was designed to evaluate substituting sunflower 
meal for soybean meal in growing-finishing pig diets. 
Experimental Procedure 
One hundred sixty pigs weighing approximately 55 lb were allotted to five 
dietary treatments replicated four times. Allotment was on the basis of sex 
and weight with four barrows and four gilts assigned to each pen. The pigs 
were purchased from one source and allotment was made after about a 2-week 
adjustment period. The experiment was conducted at the Cornbelt Research and 
Extension Center near Beresford, South Dakota, during the months of December 
through March. The pigs were housed in a recently remodeled confinement 
building which had 50% slatted floors with a scraper system for removing 
wastes. Supplemental heat and exhaust fans provided a modified environment 
for the pigs. Feed was supplied ad libitum. Pigs were weighed every 2 weeks 
and feed changes were made at 135 to 140 pounds. The experiment was termi-
nated when individual pens weighed approximately 220 lb on regular weekly 
weigh days. Feed was mixed at the SDSU Feed Processing Unit and transported 
to Beresford as complete feed. Sunflower meal (approximately 33% protein, 
1.27% lysine and 22% fiber) was obtained from the Cargill Feed Company plant 
at Riverside, North Dakota. Protein sources added to the corn-based diets 
formed the five treatments. They and the resulting protein and lysine levels 
were as follows: 
55-135 lb 135-220 lb 
Treatment Ingredient Protein Lysine Protein Lysine 
1 Soybean meal 15 . 72 13.2 .58 
2 Sunflower meal + lysine 15 . 72 13.2 .58 
3 Sunflower meal (lb for lb 13.1 . 72 11. 8 .58 
substitution) + lysine 
4 Sunflower meal and soybean meal 15 .63 13.2 .52 
(equal parts) 
5 Sunflower meal and soybean meal 15 • 72 13.2 .58 
(equal parts) + lysine 
Table 1 shows the composition of the experimental diets for both the 
growing and finishing periods. 
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Table 1. Composition of Experimental Diets (%) 
Treatment 
Ingredient 1 2 3 4 5 
Growing 
Ground corn 79.3 71. 2 78.9 76.1 76.0 
Soybean meal, 44% 18.0 10.6 10.6 
Sunflower meal, 33% 26.0 18.0 10.6 10.6 
Dicalcium phosphate 1. 3 1.15 1. 3 1.3 1. 29 
Limestone . 7 . 7 . 7 .7 . 7 
Trace mineral salt .3 .3 . 3 .3 .3 
Vitamin-antibiotic 
premix a .4 .4 .4 .4 .4 
Lysine hydrochloride .25 .37 .11 
Protein, % 15.0 15.0 13 .1 15.0 15.0 
Lysine, % . 72 • 72 • 72 .63 .72 
Finishing 
Ground corn 84.7 78.5 84.4 82.4 82.32 
Soybean meal, 44% 12.7 7.5 7.5 
Sunflower meal, 33% 18.5 12.7 7.5 7.5 
Dicalcium phosphate 1. 2 1. 2 1. 24 1. 2 1. 2 
Limestone . 7 . 7 . 7 .7 . 7 
Trace mineral salt . 3 . 3 . 3 .3 .3 
Vitamin-antibiotic 
premix .4 .4 .4 .4 .4 
Lysine hydrochloride . 2 .26 .08 
Protein, % 13.2 13.2 11.8 13.2 13.2 
Lysine, % .58 .59 .58 .52 .58 
a Supplied per pound of diet: vitamin A, 1500 IU; vitamin D, 150 IU; 
vitamin E, 3 IU; vitamin K, 1.2 mg; riboflavin, 1.5 mg; pantothenic acid, 
6.0 mg; niacin, 9.6 mg; choline, 30 mg; vitamin B12 , 6 mcg; selenium, 54 mcg; 
and aureomycin, 20 mg (to 135 lb) and 12.5 mg (135 to 220 lb). 
Results 
The results of the growing-finishing trial are shown in table 2. During 
the grower period (55 to 135 lb), pigs receiving the corn-soybean diet gained 
significantly faster than pigs receiving diets which contained sunflower meal 
either as the sole source of protein or in combination with soybean meal. 
Feed intake was not different among treatments. Differences were observed in 
efficiency of gain. Pigs receiving the soybean meal supplemented diet were 
more efficient than pigs receiving either the all sunflower meal supplemented 
diets or the lower lysine combination sunflower meal-soybean meal supplemented 
diet. However, they were not statistically more efficient than pigs receiving 
the sunflower meal-soybean meal diet which had been supplemented with lysine. 
The all sunflower meal supplement diets resulted in less efficient gains than 
diets which were a combination of sunflower meal and soybean meal. 
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Sunflower meal, a by-product of the sunflower oil industry, has become 
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Using synthetic lysine and sunflower meal as feed ingredients, diets can be 
formulated which are equal in protein and lysine to corn-soybean meal diets. 
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dietary treatments replicated four times. Allotment was on the basis of sex 
and weight with four barrows and four gilts assigned to each pen. The pigs 
were purchased from one source and allotment was made after about a 2-week 
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1.27% lysine and 22% fiber) was obtained from the Cargill Feed Company plant 
at Riverside, North Dakota. Protein sources added to the corn-based diets 
formed the five treatments. They and the resulting protein and lysine levels 
were as follows: 
55-135 lb 135-220 lb 
Treatment Ingredient Protein Lysine Protein Lysine 
1 Soybean meal 15 . 72 13.2 .58 
2 Sunflower meal + lysine 15 . 72 13.2 .58 
3 Sunflower meal (lb for lb 13.1 . 72 11. 8 .58 
substitution) + lysine 
4 Sunflower meal and soybean meal 15 .63 13.2 .52 
(equal parts) 
5 Sunflower meal and soybean meal 15 • 72 13.2 .58 
(equal parts) + lysine 
Table 1 shows the composition of the experimental diets for both the 
growing and finishing periods. 
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Table 1. Composition of Experimental Diets (%) 
Treatment 
Ingredient 1 2 3 4 5 
Growing 
Ground corn 79.3 71. 2 78.9 76.1 76.0 
Soybean meal, 44% 18.0 10.6 10.6 
Sunflower meal, 33% 26.0 18.0 10.6 10.6 
Dicalcium phosphate 1. 3 1.15 1. 3 1.3 1. 29 
Limestone . 7 . 7 . 7 .7 . 7 
Trace mineral salt .3 .3 . 3 .3 .3 
Vitamin-antibiotic 
premix a .4 .4 .4 .4 .4 
Lysine hydrochloride .25 .37 .11 
Protein, % 15.0 15.0 13 .1 15.0 15.0 
Lysine, % . 72 • 72 • 72 .63 .72 
Finishing 
Ground corn 84.7 78.5 84.4 82.4 82.32 
Soybean meal, 44% 12.7 7.5 7.5 
Sunflower meal, 33% 18.5 12.7 7.5 7.5 
Dicalcium phosphate 1. 2 1. 2 1. 24 1. 2 1. 2 
Limestone . 7 . 7 . 7 .7 . 7 
Trace mineral salt . 3 . 3 . 3 .3 .3 
Vitamin-antibiotic 
premix .4 .4 .4 .4 .4 
Lysine hydrochloride . 2 .26 .08 
Protein, % 13.2 13.2 11.8 13.2 13.2 
Lysine, % .58 .59 .58 .52 .58 
a Supplied per pound of diet: vitamin A, 1500 IU; vitamin D, 150 IU; 
vitamin E, 3 IU; vitamin K, 1.2 mg; riboflavin, 1.5 mg; pantothenic acid, 
6.0 mg; niacin, 9.6 mg; choline, 30 mg; vitamin B12 , 6 mcg; selenium, 54 mcg; 
and aureomycin, 20 mg (to 135 lb) and 12.5 mg (135 to 220 lb). 
Results 
The results of the growing-finishing trial are shown in table 2. During 
the grower period (55 to 135 lb), pigs receiving the corn-soybean diet gained 
significantly faster than pigs receiving diets which contained sunflower meal 
either as the sole source of protein or in combination with soybean meal. 
Feed intake was not different among treatments. Differences were observed in 
efficiency of gain. Pigs receiving the soybean meal supplemented diet were 
more efficient than pigs receiving either the all sunflower meal supplemented 
diets or the lower lysine combination sunflower meal-soybean meal supplemented 
diet. However, they were not statistically more efficient than pigs receiving 
the sunflower meal-soybean meal diet which had been supplemented with lysine. 
The all sunflower meal supplement diets resulted in less efficient gains than 
diets which were a combination of sunflower meal and soybean meal. 
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Table 2. Pig Performance Due to Dietary Protein Supplementation 
Diet 1 2 3 4 5 
Protein SBM SFM + L SFM + L SFM + SBM SFM + SBM 
supplement a + L 
Lb for Equal Equal 
lb parts parts 
Level of b Equal Lower Equal Equal 
substitution protein protein protein protein 
Equal Equal Lower Equal 
lysine lysine lysine lysine 
Initial wt, lb 55.4f 55.2 55.1 55.2 55.3 
Middle wt, lb 139.6 131.3g 131.8g 132. 78 134 .og 
Final wt, lb 220.8 217.4 216.5 218.7 218.0 
Grower Period 
Avg daily gain, lb l.64f l.48g l.49g 1.51 g l.53g 
Avg daily feed, lb 4.44 4.63d 4.57d 4.42 4.43 
Feed/gain 2.78c 3 .13 3.07 2.93e 2.90ce 
Finishing Period 
Avg daily gain, lb 1.68 1.64 1.64 1.68 1.61 
Avg daily feed, lb 6.08 6.13 6.33 6.00 5.98 
Feed/gain 3.80 3.74 3.90 3.58 3.73 
Overall 
Avg daily gain, lb 1. 66c l.56d l.57d l.59d l.57d 
Avg daily feed, lb 5. lOf 5.38h 5.45h 5.20f 5.21 
Feed/gain 3.18 3.44 3.49 3.25 g 3.32g 
~ SBM = soybean meal, SFM = sunflower meal and L = lysine. 
&11 comparisons are to diet 1, the soybean meal supplement diet. 
~· ·~Means with unlike superscripts differ (P<.05). 
,g, Means with unlike superscripts differ (P<.01). 
No statistical differences in gain, feed intake or feed/gain due to 
dietary treatments were observed during the finishing period (135 to 220 lb). 
However, the differences in growth and feed efficiency observed during the 
grower period were still present, essentially unchanged, when the growing and 
finishing periods were combined. Pigs receiving the soybean supplemented 
diet grew significantly faster than pigs receiving any other diet and also 
had the most desirable feed efficiency. Pigs receiving sunflower meal as the 
only protein source were statistically poorer in feed conversion than pigs 
which were provided another protein supplement source. Additions of lysine 
to the diets to make them equal to the soybean supplemented diet in both 
lysine and protein did not improve performance of pigs fed diets supplemented 
with sunflower meal. This would indicate that energy may have been the 
limiting factor in these diets rather than the amino acid, lysine. 
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Summary 
In a growing-finishing trial, 160 pigs were used to evaluate the effect 
of substituting sunflower meal for soybean meal in a corn diet. Synthetic 
lysine was used to increase the lysine content in several of the sunflower 
diets to equal the lysine content of the soybean diet. During the grower 
period, 55 lb to 135 lb, pigs which received sunflower meal as the sources of 
100% or 50% of the supplemental protein gained more slowly and less efficiently 
than those receiving the corn-soybean meal diet. Pigs which received an equal 
mixture of sunflower meal and soybean meal gained more efficiently than those 
receiving only sunflower meal as the protein source. No differences in gain 
or feed efficiency were seen during the finishing period (135 to 220 lb). The 
differences which were observed during the growing period still existed when 
the growing-finishing periods were combined. The addition of lysine to the 
sunflower diets to make them equal in lysine and protein to the soybean meal 
diet did not improve pig performance to the level of pigs receiving the 
soybean meal diet. 
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The majority of the pigs in the Upper Midwest are fed a corn-soybean 
meal base diet. However, alternative feed ingredients are widely used in 
some regions. The lower performance, daily gain and efficiency of gain that 
is sometimes observed when other ingredients are used is often associated 
with higher fiber content of the diet. The pig has little ability to utilize 
fibrous materials in the stomach and small intestine where most digestion of 
feed and absorption of nutrients take place. Microorganisms present in the 
cecum and large intestine do break down fiber to usable products, but it is 
assumed that relatively small amounts of these products are absorbed. The 
effect that antibiotics have on fiber utilization and microbial digestion in 
the lower digestive tract is largely unknown. 
The experiment reported herein was designed to evaluate pig performance 
as affected by fiber level, source of fiber and presence of antibiotics. 
Experimental Procedures 
Two trials were conducted utilizing 192 head of crossbred pigs. Each 
trial consisted of four replications of six treatments with four pigs per pen. 
Two barrows and two gilts were allotted to each pen on the basis of weight and 
ancestry. Pigs were housed in an environment-modified confinement barn 
having totally slatted floors. Pigs and feeders were weighed every 2 weeks 
and the experiment was terminated by replications when the control pen weighed 
225 pounds. 
The experiment consisted of three types of diets varying in ingredients 
and fiber content with and without antibiotics. The resulting treatments were 
as follows: 
Treatment 1 - Control corn-soybean meal diet 
Treatment 2 - Control corn-soybean meal diet plus antibiotic 
Treatment 3 - 20% alfalfa meal diet 
Treatment 4 - 20% alfalfa meal diet plus antibiotic 
Treatment 5 - 50% oats diet 
Treatment 6 - 50% oats diet plus antibiotic 
The composition of the experimental diets is shown in table 1. The 
ingredients used resulted in calculated fiber levels of 3, 7 and 7% for the 
control, alfalfa and oats diets, respectively. Actual analysis revealed 
slightly lower fiber levels in the control and oats diets and a slightly 
higher fiber level in the alfalfa diet. Treatments 2, 4 and 6 contained 
40 grams of aureomycin per ton of diet. 
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Table 1. Composition of Experimental Diets (%) 
Treatments 
Ingredient 1,2 3,4 5,6 
Corn 82.3 67.25 36.8 
Soybean meal, 44% 15.0 10.5 10.5 
Dehydrated aYfalfa meal, 17% 20.0 
Oats 50.0 
Dicalcium phosphate 1. 4 1. 5 1.25 
Ground limestone . 6 .65 
Trace mineralized salt, 1% zinc . 3 .3 .3 
L-lysine hydrochloride . 15 . 2 .25 
Vitamin premix .25 .25 .25 
Calculated analysis, %a 
Crude protein 14.0 (14.8) 14.1 (14.8) 14.0 (15. 4) 
Lysine .76 • 77 . 77 
Crude fiber 3.0 ( 2. 7) 7.0 ( 7.2) 7.0 ( 6.5) 
Calcium .60 .63 .60 
Phosphorus .58 .57 .56 
a Values in parentheses were determined by chemical analysis. 
Seventy-five barrows were slaughtered at the SDSU meat laboratory and 
routine carcass data were obtained. A sample of the content of the cecum 
as well as the weight of the empty cecum were obtained. Total volatile fatty 
acid levels as well as concentration of acetic, propionic, buteric and valeric 
acids were determined to evaluate digestion in the lower digestive tract and 
measure changes in microbial digestion due to different types of diets. 
Results 
The growth performance for the combined trials is shown in table 2. 
There were no interactions between type of diet and the presence of antibiotics. 
Therefore, the data are summarized by main effects (type of diet and presence 
of antibiotic). 
Pigs which received the corn diet gained significantly faster than those 
receiving either the alfalfa or oats diet. This resulted in significantly 
heavier pigs for the corn group at the end of the trial. Pigs which received 
the alfalfa diet consumed significantly more feed and were less efficient 
than the other two groups. Numerical differences in feed consumption and 
feed efficiency were observed between the corn and oats fed pigs, but these 
differences were not significant. Antibiotics had no effect on pig 
performance for the 64- to 225-lb feeding period and no interactions between 
type of diet and presence of antibiotic were observed. 
Carcass information from the barrows is shown in table 3. No differences 
were observed due to type of diet and the only difference due to antibiotics 
was in carcass length. This difference must be considered an artifact, since 
there is no logical association between antibiotics and skeletal growth. No 
interactions between type of diet and antibiotics were seen. 
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Table 2. Pig Performance Due to Type of Diet and 
Presence of Antibioticsa 
Diet Antibiotics b 
Corn Alfalfa Oats 
Number of pigs 64 64 64 
Starting wt, lb 64.4 65.4 65.2 
Ending wt, lbc 224.7 212.0 210.0 
Avg daily gain, lbc 1.69 
Avg dailydfeed, lbd 5.56 
Feed/gain 3.25 
a Combination of two trials. b 
1. 56 1.50 
6. 96 5.30 
4.48 3.53 
Antibiotic = 40 grams per ton aureomycin. 
c d Corn different than alfalfa and oats (P<.05). 
Alfalfa different than corn and oats (P<.01). 
0 
96 
64.7 
215.7 
1.56 
5.89 
3.76 
Table 3. Carcass Measurements Due to Tbpe of Diet and 
Presence of Antibiotica' 
+ 
96 
65.3 
215.5 
1.60 
5.99 
3.75 
Diet Antibiotic c 
Corn Alfalfa Oats 0 + 
Carcass wt, lb d 168.3 154.3 156.5 159.9 159.7 Carcass length, in. 31. 7 31.4 31.5 31. 3 31. 7 
Tenth rib backfat, in. .91 .93 .89 .92 .92 
Loin eye area, sq. in. 4.37 4.35 4.52 4.51 4.32 
Percent lean 53.0 54.0 53.8 53.5 53.7 
: Combination of two trials. 
All carcass data except percent lean adjusted to a constant carcass wt 
basis. 
~ Antibiotic = 40 grams per ton aureomycin. 
Antibiotic effect (P<.01). 
Table 4 summarizes the effects of type of diet and antibiotic on volatile 
fatty acid levels in the cecum. No effects due to presence of antibiotics or 
interactions between diet and antibiotics were found. However, differences 
due to diet were observed for proportion of acetic, propionic and butyric 
acids with no difference in concentration of total volatile fatty acids. Less 
acetic acid and more propionic acid were found in the cecal fluids of pigs fed 
the corn diet. Lower butyric acid was found in the oats-fed group. This 
indicates that microbial digestion in the cecum was different when different 
feed ingredients were fed. However, the change in microbial digestion and 
the resulting sources of energy (volatile fatty acids) did not improve 
performance of pigs fed the higher fiber diets to the level of pigs fed the 
lower fiber diet. 
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feed efficiency were observed between the corn and oats fed pigs, but these 
differences were not significant. Antibiotics had no effect on pig 
performance for the 64- to 225-lb feeding period and no interactions between 
type of diet and presence of antibiotic were observed. 
Carcass information from the barrows is shown in table 3. No differences 
were observed due to type of diet and the only difference due to antibiotics 
was in carcass length. This difference must be considered an artifact, since 
there is no logical association between antibiotics and skeletal growth. No 
interactions between type of diet and antibiotics were seen. 
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Table 2. Pig Performance Due to Type of Diet and 
Presence of Antibioticsa 
Diet Antibiotics b 
Corn Alfalfa Oats 
Number of pigs 64 64 64 
Starting wt, lb 64.4 65.4 65.2 
Ending wt, lbc 224.7 212.0 210.0 
Avg daily gain, lbc 1.69 
Avg dailydfeed, lbd 5.56 
Feed/gain 3.25 
a Combination of two trials. b 
1. 56 1.50 
6. 96 5.30 
4.48 3.53 
Antibiotic = 40 grams per ton aureomycin. 
c d Corn different than alfalfa and oats (P<.05). 
Alfalfa different than corn and oats (P<.01). 
0 
96 
64.7 
215.7 
1.56 
5.89 
3.76 
Table 3. Carcass Measurements Due to Tbpe of Diet and 
Presence of Antibiotica' 
+ 
96 
65.3 
215.5 
1.60 
5.99 
3.75 
Diet Antibiotic c 
Corn Alfalfa Oats 0 + 
Carcass wt, lb d 168.3 154.3 156.5 159.9 159.7 Carcass length, in. 31. 7 31.4 31.5 31. 3 31. 7 
Tenth rib backfat, in. .91 .93 .89 .92 .92 
Loin eye area, sq. in. 4.37 4.35 4.52 4.51 4.32 
Percent lean 53.0 54.0 53.8 53.5 53.7 
: Combination of two trials. 
All carcass data except percent lean adjusted to a constant carcass wt 
basis. 
~ Antibiotic = 40 grams per ton aureomycin. 
Antibiotic effect (P<.01). 
Table 4 summarizes the effects of type of diet and antibiotic on volatile 
fatty acid levels in the cecum. No effects due to presence of antibiotics or 
interactions between diet and antibiotics were found. However, differences 
due to diet were observed for proportion of acetic, propionic and butyric 
acids with no difference in concentration of total volatile fatty acids. Less 
acetic acid and more propionic acid were found in the cecal fluids of pigs fed 
the corn diet. Lower butyric acid was found in the oats-fed group. This 
indicates that microbial digestion in the cecum was different when different 
feed ingredients were fed. However, the change in microbial digestion and 
the resulting sources of energy (volatile fatty acids) did not improve 
performance of pigs fed the higher fiber diets to the level of pigs fed the 
lower fiber diet. 
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Table 4. Volatile Fatty Acid Concentrations of Cecum Fluid as 
Related to Diet and Presence of Antibioticsa 
Total, micromoles/milliliter 
Acetic acid, %c 
Propionic acid,d%c 
Butyric acid, % 
Valerie acid, % 
Empty cecum wt, lb 
a 
Corn 
144.7 
27.8 
39.3 
21.4 
10.8 
.30 
Diet 
Alfalfa 
145.4 
32.1 
35.8 
23.1 
9.4 
.32 
b Combination of two trials. 
Antibiotic = 40 grams per ton aureomycin •. 
c Corn different than alfalfa and oats (P<.01). 
d Oats different than corn and alfalfa (P<.01). 
Oats 
135.7 
34.5 
37.0 
18.3 
10.8 
.29 
Antibiotic b 
0 + 
140.l 
30.9 
37.6 
20.7 
10.9 
.31 
143. 7 
32.0 
37.1 
21.2 
9.9 
.29 
Since differences in volatile fatty acids did not exist due to the 
presence of antibiotic, it is assumed that the types of microorganisms present 
in the cecum also were not significantly altered. Antibiotics appear to have 
no value in overcoming the problem of higher fiber content of the diet. 
Summary 
Two trials utilizing 192 head of pigs were conducted to evaluate 
performance of growing-finishing pigs fed diets which contained 0 or 7% fiber. 
The diets which consisted of corn-soybean meal, 20% alfalfa meal or 50% oats 
were fed with or without 40 grams of aureomycin per ton. 
Antibiotics had no effect on any criteria evaluated and no diet by 
antibiotic interactions were observed. Pigs which received corn diets gained 
faster than pigs fed alfalfa or oats diets and pigs which received the alfalfa 
diet ate more feed and required more feed per unit of gain than pigs receiving 
corn or oats diets. Total volatile fatty acids were unaffected by diet. 
However, acetic acid, propionic acid and butyric acid concentrations were 
altered due to diet. Carcass measurements were unaffected by type of diet. 
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Since differences in volatile fatty acids did not exist due to the 
presence of antibiotic, it is assumed that the types of microorganisms present 
in the cecum also were not significantly altered. Antibiotics appear to have 
no value in overcoming the problem of higher fiber content of the diet. 
Summary 
Two trials utilizing 192 head of pigs were conducted to evaluate 
performance of growing-finishing pigs fed diets which contained 0 or 7% fiber. 
The diets which consisted of corn-soybean meal, 20% alfalfa meal or 50% oats 
were fed with or without 40 grams of aureomycin per ton. 
Antibiotics had no effect on any criteria evaluated and no diet by 
antibiotic interactions were observed. Pigs which received corn diets gained 
faster than pigs fed alfalfa or oats diets and pigs which received the alfalfa 
diet ate more feed and required more feed per unit of gain than pigs receiving 
corn or oats diets. Total volatile fatty acids were unaffected by diet. 
However, acetic acid, propionic acid and butyric acid concentrations were 
altered due to diet. Carcass measurements were unaffected by type of diet. 
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